The genus Aureobasidium, which is known as a wood staining mould, has been detected on oil treated woods in the specific stain formation called biofinish. This biofinish is used to develop a new protective, self-healing and decorative biotreatment for wood. In order to understand and control biofinish formation on oil treated wood, the occurrence of different Aureobasidium species on various wood surfaces was studied. Phenotypic variability within Aureobasidium strains presented limitations of morphological identification of Aureobasidium species. PCR amplification and Sanger sequencing of ITS and RPB2 were used to identify the culturable Aureobasidium species composition in mould stained wood surfaces with and without a biofinish. The analysed isolates showed that several Aureobasidium species were present and that Aureobasidium melanogenum was predominantly detected, regardless of the presence of a biofinish and the type of substrate. A. melanogenum was detected on wood samples exposed in the Netherlands, Cameroon, South Africa, Australia and Norway. ITS-specific PCR amplification, cloning and sequencing of DNA extracted from biofinish samples confirmed results of the culturing based method: A. melanogenum is predominant within the Aureobasidium population of biofinishes on pine sapwood treated with raw linseed oil and the outdoor placement in the Netherlands.
Introduction
Aureobasidium are wood staining fungi, in particular on wood situated outdoors above the ground (Dickinson 1972; Dix and Webster 1995; Bardage 1998; Schmidt 2006; Gobakken and Westin 2008) . The interest in Aureobasidium has recently increased, because of its role in the formation of biofinishes on wood (Sailer et al. 2010; van Nieuwenhuijzen et al. 2013; van Nieuwenhuijzen et al. 2015; Filippovych et al. 2015) . The term biofinish was introduced for a uniform dark mould covering which emerged outdoors on oil treated wood (van Nieuwenhuijzen et al. 2015) . Although the protection mechanism and durability of this biofinish is still under investigation, biofinished Electronic supplementary material The online version of this article (doi:10.1007/s10482-016-0668-7) contains supplementary material, which is available to authorized users.
wood is considered to be an appealing biocide-free construction material that has the advantage of also having self-healing properties.
Until now it is unknown which Aureobasidium species participates in the biofinish formation and whether a biofinish is composed of more than a single species. Although Aureobasidium has been isolated from many organic and inorganic substrates and geographical locations (Zalar et al. 2008; Slepecky and Starmer 2009; Gaur et al. 2010) , the ubiquity of the specific species is unknown. The geographical location, the combination of wood species and the oil treatment may all have an impact on the species composition of the Aureobasidium population in biofinishes. Species-specific behaviour, such as phenotype and physiology (Samson et al. 2010; Houbraken 2013) , should be included in future research in order to understand and control dark mould growth on oil treated wood. Therefore insight in the species composition of the biofinish is highly relevant.
The ascomycete genus Aureobasidium is a member of the family Aureobasidiaceae within the class of the Dothideomycetes (Thambugala et al. 2014; Wijayawardene et al. 2014) . Kabatiella is closely related to Aureobasidium based on morphology and phylogeny (Zalar et al. 2008; Bills et al. 2012; Crous et al. 2011; Peterson et al. 2013; Thambugala et al. 2014 ) and some of these Kabatiella species may belong to Aureobasidium (Peterson et al. 2013; Thambugala et al. 2014) . In addition future studies may result in the transfer of the species Selenophoma mahoniae and Columnosphaeria (Discosphaerina) fagi into Aureobasidium (Yurlova et al. 1999; Peterson et al. 2013; Thambugala et al. 2014) . A well-known Aureobasidium species is Aureobasidium pullulans (Zalar et al. 2008; Gostinčar et al. 2014 ). The total number of classified Aureobasidium species currently varies per database, for example 38 in MycoBank and 13 in GenBank (October 2015) .
Before DNA sequencing was applied in fungal taxonomy, the species classification system was mainly based on physiologic and phenotypic characteristics. In the case of Aureobasidium, colony pigmentation was used as a species-specific phenotypic characteristic (Zalar et al. 2008; Peterson et al. 2013) . Nowadays, also the genealogical concordance phylogenetic species recognition (GCPSR) concept is commonly applied for species delimitation (Taylor et al. 2000) . For species delimitation according to GCPSR multigene phylogenies are required. Next to the large subunit and the internal transcribed spacer regions (incl. 5.8S rDNA) (ITS) more variable genes such as translation elongation factor 1a, b-tubulin and RNA polymerase II-second largest subunit (RPB2) have been applied or recommended for phylogenetic analysis of Aureobasidium species (Zalar et al. 2008; Manitchotpisit et al. 2009; Peterson et al. 2013; Gostinčar et al. 2014) . A phylogeny, including all described genera and species within the Aureobasidiaceae, is not yet available.
The ITS locus is assigned as the primary barcode for fungal species (Schoch et al. 2012) . A large number of ITS barcode sequences of Aureobasidium species is available in public databases, which makes this DNA region a suitable marker to identify Aureobasidium (Manitchotpisit et al. 2009 ). To date, no second fungal barcode has been determined for a reliable Aureobasidium identification on species level.
The aim of this study was to explore the Aureobasidium species composition of biofinishes on wood. Culturable Aureobasidium isolates, retrieved from substrates with and without biofinishes, were identified. The wood species, oil treatments and exposure sites were related to the culturable species composition. Also direct extraction of biofinish DNA, followed by ITS amplification, cloning and sequencing were used to determine the species compositions of biofinishes.
Materials and methods

Substrates and outdoor exposure
Nine sample sets were analysed in this study. Each set contained oil treated wood samples. Untreated pine sapwood and glass were also selected for several sample sets ( Fig. 1; Table 1 ), representing oil-free organic and inorganic materials that are associated with Aureobasidium growth (Gorbushina and Palinska 1999; Schabereiter-Gurtner et al. 2001; van Nieuwenhuijzen et al. 2015) . The amount of different substrates (e.g. wood species, oil type), the geographical location of the outdoor exposure and exposure time was specific for each sample set ( Table 1 ).
The wood species tested were pine (Pinus sylvestris) sapwood, spruce (Picea abies) and ilomba (Pycnanthus angolensis). No specific sapwood or heartwood selection was made for the latter two species. The surfaces of the wood samples were planed. The samples measured 5 cm (longitudinal axis), 9 2.5 cm 9 1.5 cm, except the specimens of set 4 which measured 10 cm 9 14 cm 9 2 cm. Glass sheets (Fisher Scientific) measured 10 cm 9 10 cm 9 0.3 cm.
Three different vegetable oil types were used to impregnate the wood specimens: raw linseed oil (Vereenigde Oliefabrieken; iodine value 183 and 0.81 % free fatty acids), olive oil (two brands: in case of sample set 4 unfiltered olive oil of 100 % Carolea olive, Calabrië EV Bio 2013; for the other sample sets Carbonel, extra vierge, iodine value 82 and 0.34 % free fatty acids), and stand linseed oil (Vliegenthart, viscosity P45). To determine the average moisture content right before impregnation, additional untreated test pieces of wood were dried at 105°C. The moisture content of these wood pieces was up to 12 %. The impregnation of the small specimens (5 cm 9 2.5 cm 9 1.5 cm) was carried out using a vacuum time of 30 min at -1 bar followed by 1 h pressure of 8 bar. A vacuum time of 1 h at -1 bar followed by 2 h pressure of 8 bar was used for the larger specimens of sample set 4. The wood samples of set 1-3 were steamed twice with hot air for 20 min on two consecutive days (European Standard 1996; Fritsche and Laplace 1999) . The glass sheets were cleaned with alcohol and autoclaved before outdoor exposure. No sterilisation method was applied to the wood samples of set 4-9.
Five sites, located in different countries (Table 1) were used for outdoor exposure. The samples from set 4 remained outdoors during the biomass removal. Specifications on outdoor exposure and handling procedures were described in van Nieuwenhuijzen et al. (2015) .
Biofinish assessment
The samples of set 5 and 7-9 have previously been evaluated for biofinish formation in the study of van Nieuwenhuijzen et al. (2015) . This method consisted of visual analysis of the stain coverage on the surface as well as in situ spectrophotometer measurements of the pigmentation. In short a biofinish was assigned when the stain coverage was above 90 % and the pigmentation, expressed by triplets as used in the sRGB colour space, met the following criteria: all the red (R), green (G) and blue (B) values were below 82 and the difference between two values of a single RGB triplet was below 20. In comparison the RGB triplet of ultimate black was [0,0,0] and ultimate white was [255, 255, 255] . The biofinish assessment was also applied on the samples of set 6. The presence of a biofinish on the wood samples of set 1-4 was determined according to the surface coverage part of the biofinish assessment. A full biofinish assessment of the samples of set 4 was performed three months after fungal isolation.
Collection of Aureobasidium isolates
Within a sample set, up to two specimens per substrate were used for isolation (Table 1 ). The swab sampling method as described in van Nieuwenhuijzen et al. (2015) was used to collect biomass. Biomass suspensions were plated on malt extract agar (MEA) supplemented with penicillin and streptomycin (P/S) and on dichloran 18 % glycerol agar (DG18). The formulation of the agar media were according to Samson et al. (2004) and the plates were incubated at 25°C for 14 days. A selection of the colonies, that phenotypically resembled Aureobasidium, was transferred to new MEA plates. The phenotypic characteristics used to determine Aureobasidium colonies: fast growing, yeast like colonies with an irregular edge, either white/pale pink coloured colonies mostly with a black centre and/or sectors or black coloured colonies with a small white boundary; white aerial hyphae sometimes present. Isolates of the selected colonies were deposited in the working collection of the Department of Applied and Industrial Mycology (DTO) housed at the CBS-KNAW Fungal Biodiversity Centre.
Phenotypic diversity of Aureobasidium strain DTO 217-G5
A large phenotypic variation within the Aureobasidium colonies on agar plates was observed during isolation. The isolate DTO 217-G5 (= CBS 140241) was used to study the phenotypic variability of a single strain. It was selected as a representative of the black cultures obtained from oil treated wood in the initial stage of biofinish formation. At first biomass was obtained of the edge of a 7 days old colony on MEA and washed in ultrapure water twice before dilution in ultrapure water. This dilution was combined with 10 9 Yeast Nitrogen Base (Difco Laboratories 1998) with no additional carbon source and transferred to a shake flask. Due to the limited amount of carbon, the strain was cultivated in a nutrient limited and therefore stressful environment. After 24 h of shaking at 175 rpm at 25°C, a serial dilution was made of the cell suspension and plated on oatmeal agar. After 5 days of incubation at 25°C, four phenotypically diverse colony forming units (CFU's) were selected as parental colonies and inoculated on MEA P/S (first MEA P/S inoculation). After incubation each colony was transferred to a new MEA P/S plate in triplicate. These colonies on the new plates were again transferred to MEA P/S three times in succession. Phenotypically diverse areas were selected for the biomass transfers. Photos were made and ITS sequences generated (as described below) of the colonies of the first and last inoculation on MEA P/S. DNA extraction, amplification and sequencing Isolates were grown on MEA plates prior to DNA extraction. DNA was extracted using the Ultraclean Microbial DNA isolation kit (MoBio Laboratories, Carlsbad, CA, USA) according to the manufacturer's instructions. The ITS and RPB2 fragments were amplified using the primer pairs V9G (de Hoog and Gerrits van den Ende 1998) & LS266 (Masclaux et al. 1995) and RPB-PenR1 & RPB-PenR2 (Manitchotpisit et al. 2009 ). The PCR reactions were performed according to van Nieuwenhuijzen et al. (2015) . The RPB2-PCR program differed by a primer annealing at 54°C for 60 s. The amplified DNA fragments were sequenced and assembled as described in Yilmaz et al. (2014) . Generated sequences are deposited in GenBank. The accession numbers of the new outdoor isolates are included in Table 2 .
Phylogenetic analysis and identification of isolates
Reference strains of species which were used to generate a benchmark for the molecular identification of the Aureobasidium isolates are listed in Table 3 . The GenBank accession numbers of the sequences are included in the table, except for the sequences of the Aureobasidium thailandense strains generated by Peterson et al. (2013; TreeBASE SN4236) . The ITS and RPB2 sequence data sets were aligned using the program Muscle within MEGA version 5 (Tamura et al. 2011) . Maximum Likelihood (ML) analysis was performed using MEGA. The number of bootstrap replicates was set on 1000. Sydowia polyspora CBS 750.71 was selected as outgroup. The isolates were identified based on the clustering in the phylogenetic trees with the type and other representative strains. A bootstrap value of 70 % or more was considered as moderated support for the identification of clades.
PCR, cloning and sequencing of biofinish DNA ITS-specific cloning libraries were made of biofinishes of two types of substrates of set 5 in triplicate: pine sapwood & raw linseed oil (library PRL.1-PRL.3) and pine sapwood & olive oil (library PO.1-PO.3). An area of 2.5 cm 9 2.5 cm of the upper surface of a specimen was scratched with a scalpel and DNA was extracted of the obtained biomass. The DNA extraction method, ITS primers and PCR-program were identical to the method described above. The PCR master mixes with ITS primers were prepared with the GoTaq Long PCR Master Mix (Progema) according to the manufacturer's instructions. The PCR products were purified with the QIAquick PCR purification kit. Following the manufacturer's instructions, 45 ng of PCR products was ligated and cloned (pGEM Ò -T Easy Vector Systems) into an Escherichia coli plasmid library. After growing ITS containing competent cells on plate, colonies were aseptically transferred to 10 ll demineralised water. PCR reactions were performed in 25 ll reaction mixtures containing 3 lL aliquots with ITS DNA, 2.5 ll PCR buffer, 2 ll MgCl2 (25 mM), 11 ll demineralised sterile water, 5 lL dNTP (1 mM), 0.50 ll of each primer (10 lM) and 0.5 ll Taq polymerase (5 U/lL, Bioline). The ITS-PCR program, sequencing, and assembling were similar to the previously described method. Assembled ITS sequences were generated of 62-69 cloned colonies per wood sample library. The ITS sequences of the cloning libraries were screened against the non-redundant NCBI database, using the program BLASTN. Sequences resulting in hits with an identity of 97 % or more compared to Aureobasidium sequences of the database were used for phylogenetic analysis. Sequences were submitted to GenBank (Table 4) .
Results
Biofinish assessment
All wood samples of sample set 3-9 showed dark discolorations, but a biofinish was only established on a few samples (Table 5 ). Biofinishes were detected on specific samples exposed for more than one year at the sample site in the Netherlands (sample set 4 and 5): pine sapwood samples treated with raw linseed oil or olive oil and spruce and ilomba samples treated with olive oil. Furthermore, biofinishes were detected on the pine sapwood sample treated with olive oil that was exposed in South Africa (sample set 7) and the pine sapwood sample treated with raw linseed oil that was exposed in Norway (sample set 9).
Collection of Aureobasidium isolates
The number of isolates used in this study varied per substrate of each set (Table 5 ). These isolates were obtained from CFU's on agar plates after culturing biomass of the substrates. They represent a small number of all the CFU's which phenotypically resembled Aureobasidium species. For example 7-10 isolates were studied per sample in set 5 (Table 5) , while the total amount of the counted Aureobasidium CFU's on MEA and DG18 was up to 9 9 10 3 per sampled surface (van Nieuwenhuijzen et al. publication in progress).
The macromorphology of various inoculations of DTO 217-G5 (= CBS 140241) were compared to study the limitations of a phenotypic classification method for Aureobasidium species. The ITS barcode of isolate DTO 217-G5 and all its inoculations were identical. Based on this data, the isolate was identified as Aureobasidium melanogenum (Supplementary Data Fig. 1 ). The studied colonies of DTO 217-G5 (Fig. 2) were considered to be pure single strains since they were obtained as CFU's after plating a serial diluted yeast-like cell suspension. After the first transfer of four of the CFU's, which had different phenotypic characteristics on OA, to MEA P/S plates all colonies showed dark pigmentation and aerial hyphae in the margin and a more or less equal colony diameter (at 6 days of incubation). The colony texture, degree of pigmentation and mycelial production varied. The colonies after another three consecutive times of transfer and incubation showed more variation in their macromorphology. Although almost all examined cultures showed dark pigmentation, the degree varied widely and was even absent in one culture. Also the colony surface area and appearance varied. Some colonies produced aerial hyphae at the margin and the degree of hyphal production varied between isolates. Furthermore, the slimy appearance of the colonies which is described as cultural characteristic of A. melanogenum (Zalar et al. 2008) , was also absent in some cultures. Identification of Aureobasidium isolates
The majority of all 222 sequenced Aureobasidium isolates could be unambiguously identified (Fig. 3) . Aureobasidium proteae and Columnosphaeria fagi resided in a clade with A. pullulans (Fig. 3) and are considered as synonyms of A. pullulans. The majority of the strains clustered together with the type of A. melanogenum (CBS 105.22 T ). Eleven strains had similar sequences as the type of A. melanogenum; however, these strains couldn't be confidentially resolved in the A. melanogenum clade (bootstrap values below 7 0 %, Fig. 3 ). The sequence variation could be fully attributed to the RPB2 part of the concatenated sequences. These strains were therefore identified as Aureobasidium confer (cf.) melanogenum. Three clades with moderate bootstrap support (Fig. 3) did not contain any type or other reference strains and the isolates in these groups were tentatively named Aureobasidium sp. 1, sp. 2 and sp. 3. Sequences of strains named K. microsticta, K. harpospora, and K. zeae were excluded from the Aureobasidium phylogenetic overview. Kabatiella microsticta was represented by two strains that were placed in two far apart clades in the phylogenetic tree while none of these strains were classified as type strain. The latter two Kabatiella species were closer related to the outgroup than to the other Aureobasidium species. Interestingly, 18 of the 222 Aureobasidium isolates had ambiguous nucleotide sites in their RPB2 sequences. Eleven of these isolates were identified as A. melanogenum, one as A. pullulans and six as Aureobasidium sp. 1. The bootstrap values were above 70 % (Supplementary Data Fig. 2 ).
Aureobasidium species composition on stained wood surfaces
Isolates from the biofinish containing wood samples revealed that all six biofinishes contained A. melanogenum (Fig. 4) . Other detected species were A. leucospermi, A. namibiae and A. pullulans. The isolates consisted of 42 Aureobasidium colonies that were selected after culturing biomass from biofinish containing wood. 81 % of these isolates were identified as A. melanogenum.
Isolates from the 27 wood specimens, which contained visual mould staining but did not have a biofinish, showed that 80 % of these wood specimens contained A. melanogenum. In addition to this species, also A. cf. melanogenum, A. namibiae, A. pullulans, K. lini, and Aureobasidium sp. 1, sp. 2, and sp. 3 were detected on the mould stained wood samples without biofinish (Fig. 4) . These isolates consisted of 110 Aureobasidium colonies that were selected after culturing biomass from the sample surfaces. 60 % of these isolates were identified as A. melanogenum.
Impact of different wood and (oil-) treatments on the species composition
A. melanogenum was detected on 21 of the 25 wood samples of sets 4 and 6-9 after exposure at the five different sites. A. melanogenum was (one of) the most detected species for each substrate. Per substrate 3-6 other species were found. The species were identified as A. leucospermi, A. namibiae, A. pullulans, A. cf.
melanogenum, Aureobasidium sp. 1, Aureobasidium sp. 2, Aureobasidium sp. 3 or K. lini. These species were in most cases detected on one to two samples per substrate.
Impact of exposure sites on the species occurrence A. melanogenum was detected in the sample sets exposed outdoors in the Netherlands, Cameroon, South Africa, Australia and Norway (Fig. 5) . Other Aureobasidium species were detected as well, but were not obtained from all locations (Fig. 5) . This outcome could be influenced by the limited number of isolates analysed per location. For example, 13-25 isolates were obtained from samples exposed at sites outside the Netherlands (Table 5 ). Samples exposed in Australia and South Africa contained the highest Aureobasidium species diversity Fig. 2 Macromorphology of various inoculations of A. melanogenum strain DTO 217-G5; 1p-4p: first inoculation on MEA P/S of four single CFU's, grown at 25°C for 6 days; 1*-4*: inoculation of the same four single CFU's on MEA P/S after four consecutive transfers, grown at 25°C for 7 days in triplicate (Fig. 5) . In the Netherlands, only A. melanogenum and A. pullulans isolates were detected, despite the relatively high number of substrate types (9) and identified isolates (149). This indicates that the detectable species diversity of outdoor placed substrates is influenced by the location of the exposure site. Fig. 3 Maximum Likelihood tree of concatenated ITS and RPB2 sequences from outdoor Aureobasidium isolates and the classified reference strains. The bar indicates the number of substitutions per site. T ex-type strain, NT exneotype strain, epiT exepitype strain, isoT exisotype strain Aureobasidium species composition on oil treated wood in time
The isolates from the pine sapwood samples treated with raw linseed oil (sample sets 1-4) showed that the number of colonies identified as A. pullulans decreased over time and the number of colonies identified as A. melanogenum increased over time (Fig. 6) . At 5 and 12 months of outdoor exposure of the samples, when mould staining on the wood surface was present, the majority of the corresponding analysed colonies were identified as A. melanogenum. This in contrast to the results of the analysed colonies isolated from the reference material glass and the pine sapwood samples that had a shorter exposure time. More than 80 % of a colony set retrieved from glass was identified as A. pullulans regardless the exposition time.
PCR, cloning and sequencing of biofinish DNA In order to analyse the Aureobasidium species composition of biofinishes on wood without a cultivation step, cloning libraries were generated of the DNA of six biofinishes. Each of the six cloning libraries contained clones with ITS DNA that belonged to several genera. In all libraries at least one sequence was identified as Aureobasidium by BLASTN on the NCBI database. Most of the sequences obtained from clones with Aureobasidium DNA clustered together in the phylogenetic trees with either the two A. melanogenum or the A. pullulans reference strains (bootstrap values above 63 %). A few Aureobasidium sequences (PRL.1.31, PRL.1.69, PRL3.16, PRL.3.19, PRL.3.70 and PO1.75) could not be identified on species level (Table 6 ), because they did not cluster with any of the known species. Further investigation revealed that these sequences contained parts of more than 100 nucleotides that differed largely from the reference strains.
The cloning libraries of the biofinishes on the samples treated with raw linseed oil had more than 50 % of all 62-69 clones per library identified as Aureobasidium. The predominant species of these cloning libraries was A. melanogenum (Table 6 ). The predominant species within the Aureobasidium DNA of biofinishes obtained from pine sapwood samples treated with olive oil remains unclear. Firstly the amount of clones identified as Aureobasidium per library was much lower, varying from 1 to 8 clones, and secondly one library showed the number of clones identified as A. pullulans to be equal to the ones identified as A. melanogenum (Table 6 ). 
Discussion
Identification of Aureobasidium species
Morphology Different phenotypic characteristics are described per Aureobasidium species (Zalar et al. 2008; Samson et al. 2010) . The deviation of the general macromorphological characteristics of a strain within an Aureobasidium species can be explained by degeneration (Zalar et al. 2008) or phenotypic plasticity (Slepecky and Starmer 2009) . Morphological changes of fungal strains on culture media after serial transfers have also been observed for other fungal species, for example Aspergillus flavus (Horn and Dorner 2002) and Metarhizium anisopliae (Ryan et al. 2002) . The results in this study of the culturing of strain DTO 217-G5 showed, that phenotypic characteristics of various isolates of a single strain inoculated on the same media can differ widely. Although the original isolate DTO 217-G5 could accidently be a mixture of strains, the studied subcultures of DTO 217-G5 were likely to be pure single strains and they still showed phenotypic diversity. Regardless the phenotypic variation of these cultures, the ITS sequences were identical. This made the use of molecular techniques, instead of morphological characteristics, essential to identify the Aureobasidium isolates on species level.
Multi-locus DNA analysis
Several isolates had ambiguous nucleotide positions in their RPB2 sequence. The accidental presence of more than one strain in an examined isolate could explain these ambiguous nucleotide positions. In order to exclude the presence of multiple strains in a single isolate, biomass of an isolate was cultured in liquid media and after plating, separate colony forming units were used for PCR and sequencing; however, ambiguous nucleotide positions remained present in the sequences (unpublished data). Since RPB2 is regarded as a single-copy protein coding gene (Schmitt et al. 2009; Schoch et al. 2012) , more tests are needed to study this phenomenon. The reference data set for identification of Aureobasidium strains contained sixteen different described taxa (Table 3 ) and thirteen were shown in the Aureobasidium phylogenetic overview (Fig. 3) .
The distant relationship of K. harpospora (CBS 122914) to the Aureobasidium species and the placement of the K. microsticta strains (CBS 114.64 and CBS 342.66) in different phylogenetic clades is in concordance with Zalar et al. (2008) and Bills et al. (2012) . The placement of Kabatiella zeae CBS 767.71 apart from the other Aureobasidium species can be supported by the outcome of a homology search of the ITS sequence of CBS 767.71 on GenBank: the best hit was Lecythophora sp. (KF624793.1).
Composition of Aureobasidium species
The composition of Aureobasidium species in a biofinish on wood can be studied with different techniques. However, no single technique is available that ensures the exact result (Nevalainen et al. 2015) . It is well known that techniques that are based on culturing fungi have limitations that will influence the outcome of the fungal composition (Pitkäranta et al. 2008) . For example: (a) conidia might produce more colonies on an agar plate than the same amount of biomass represented by hyphae (Pitt and Hocking 2009) , (b) some fungi only grow on specific culturing conditions (Pitt and Hocking 2009; Samson et al. 2010) , (c) some fungi are not culturable (Pitkäranta et al. 2011; Dei-Cas et al. 2006; Blackwell 2011 ) and (d) some species are overgrown by other fungi in mixed samples (Samson et al. 2010) . Culture independent techniques, such as targeted cloning and sequencing of DNA regions or next generation amplicon sequencing, have been used increasingly over the last years to study the composition of fungal communities, for example in the area of soil ecology (Orgiazzi et al. 2013; Clemmensen et al. 2013) , wood decay van der Wal et al. 2014) and human health (Ghannoum et al. 2010; Findley et al. 2013) . Although culture independent techniques are the state of the art, they also have drawbacks. Each step of a DNA based method can introduce a bias. Examples are the differences in efficiency of DNA extraction per fungal species or morphologic structure (Saad et al. 2004; Fredricks et al. 2005 ) and the differences in efficiency of PCR amplification per species and primer set (Vainio and Hantula 2000; Bellemain et al. 2010 ). In the case of amplification of the ITS region, the species dependent number of copies of the targeted rDNA region per cell (Vilgalys and Gonzalez 1990; Simon and Weiss 2008; contributes to the different PCR amplification efficiencies. Another example of a bias is the absence of registration of taxa which are relatively scarcely present in a DNA mixture (Adams et al. 2013a; Prakitchaiwattana et al. 2004) .
The origin of the fungal isolates, retrieved from the outdoor exposed specimens, is considered to be the concerned exposure site. The natural occurrence of Aureobasidium on outdoor exposed materials is well known and the distribution of Aureobasidium occurs by wind disturbance (Taylor et al. 2006) , water drops (Hudson 1992; Madelin 1995) or insects (Zacchi and Vaughan-martini 2003; Pagnocca et al. 2008) . Not only wood has been reported as outdoor substrate (Dix and Webster 1995; Schmidt 2006) , but also other organic materials, such as leaves (Andrews et al. 2002; Woody et al. 2007 ), grapes (Prakitchaiwattana et al. 2004) , as well as painted surfaces (Shirakawa et al. 2002; Kelley et al. 2006) , plastic (Reynolds 1950; Webb et al. 2000) , glass (Gorbushina and Palinska 1999; Schabereiter-Gurtner et al. 2001 ) and stone (Urzì et al. 2001; Ruibal et al. 2005) . It should be noted that several wood samples in this study were subjected to unsterile handling and packaging.
Although analysis of bigger data sets and the use of other methods might generate a more complete view on the species compositions, the results obtained in this study indicated the predominance of A. melanogenum within the Aureobasidium population of biofinishes using a culture-based method. No deviation was observed among the different substrates of the long term exposed wood samples. The predominance of A. melanogenum in biofinishes on pine sapwood treated with raw linseed has been confirmed using a DNAbased method without a cultivation step. In order to confirm the indication that A. melanogenum is predominant within the Aureobasidium population of biofinishes generated on other substrates or at other exposition sites, more studies are needed. Also the potential predominance of this species within the entire fungal population of biofinishes should be investigated further. Next to Aureobasidium other wood stain fungi, such as species of Cladosporium and Sydowia, are to be expected (Schmidt 2006; Viitanen and Ritschkoff 2011) . The use of a next generation sequencing approach, next to the culturing and PCR cloning method as used in this study, will allow a detailed compositional analysis (van Nieuwenhuijzen et al., publication in progress).
The assets of A. melanogenum in biofinish formation
The finding of A. melanogenum as native of biofinishes on oil treated wood is a first step in understanding and controlling biofinish formation. More research is recommended on the growth mechanisms of biofinishes. The deposition (natural inoculation), attachment, survival and reproduction of fungal fragments on the oil treated wood surface are all development steps of biofinish growth outdoors.
The natural inoculation of the substrate will be influenced by the natural occurrence of certain species at a specific location. Although Aureobasidium has been detected in outdoor air with short-term air sampling (Larsen and Gravesen 1991; Beaumont et al. 1985; Spicer and Gangloff 2005; Pyrri and Kapsanaki-Gotsi 2007) and outdoor located sedimentation plates (Urzì et al. 2001; Adams et al. 2013b) , the occurrence of some Aureobasidium species seem to depend on the specific outdoor location. Both A. melanogenum and A. pullulans are widely spread and might be globally present species. A. melanogenum isolates in this study originated from five widespread locations and this species has been isolated outdoors by others in South Africa (CBS 131917, isolated by Van der Walt), Japan, Thailand and Norway (Zalar et al. 2008) . Strains of A. pullulans originated from the Netherlands, South Africa, Australia and Norway (this study) and at least five other countries (Zalar et al. 2008) . The absence of this species in the isolates originating from Cameroon could be explained by the relative low number of isolates (Fig. 5) . In contrast, the widespread occurrence of various other Aureobasidium species is less likely, because the relative high number of isolates from the Netherlands only consisted of A. melanogenum and A. pullulans.
The results in this study on short term exposed samples indicated that in the first weeks of outdoor exposure A. pullulans was more present than A. melanogenum on raw linseed oil treated wood as well as on glass. This did not disturb the predominance of A. melanogenum in a later stage of the biofinish formation. Especially since composition of Aureobasidium species in time seemed different on glass, the dominant influence of developments steps other than deposition seems likely.
Thus far no data has been found as to why A. melanogenum is predominant within the Aureobasidium population of biofinishes on oil treated wood. It is currently unknown whether A. melanogenum is better in attachment, survival and/or reproduction on outdoor wood surfaces than other Aureobasidium species. With respect to attachment: the biosynthesis of pullulan, an extracellular polymeric substance (EPS) adhesive, is described for at least four Aureobasidium species (Gostinčar et al. 2014) and also the production of other EPS, such as b-glucan and acidic polysaccharides, by different Aureobasidium species is known (Leal-Serrano et al. 1980; Hamada and Tsujisaka 1983; Yurlova and de Hoog 1997; Lotrakul et al. 2013) .
Obviously, the production of melanin by Aureobasidium seems to be involved in its survival (Rättö et al. 2001; Hernández 2012; Nosanchuk and Casadevall 2003; Ruan et al. 2004; Paolo et al. 2006; Kogej et al. 2007) . However, it is currently unknown whether A. melanogenum has an overall higher melanin content in comparison to the other species as may be suggested by its name. Genetic evidence, based on the presence of the number of genes possibly related to melanin synthesis, in an A. melanogenum strain (CBS 110374) and other full genome-sequenced Aureobasidium strains (Gostinčar et al. 2014) does not indicate obvious differences between the Aureobasidium species. Not only the amount, but also the type of melanin, that is produced by each species and the impact of different melanin types on specific stressors (e.g. UV, oxidizing agents) needs to be unravelled to understand the role of melanin. This requires an extensive investigation since many complicating factors are involved such as the difference in pigmentation of various isolates of a single A. melanogenum strain (Fig. 2) , the existence of many other colours besides black in pigments resulting from melanin (Langfelder et al. 2003; Pal et al. 2014) , the impact of exposure conditions on the amount of (unspecified) melanin produced by a single strain (Hernández and Evans 2015a, b) and the inability of easy melanin quantification methods, such as spectrophotometric measurements, to determine the type of melanin (Pal et al. 2014) .
Next to survival, organisms need to multiply in order to support dark mould staining. Substrates are considered to play a role in this. One of the factors influenced by substrates is the availability of nutrients for fungal growth (van Nieuwenhuijzen et al. 2015) .
For example, Horvath et al. (1976) presumed that nutrients for A. pullulans formation on wood substrates are derived from the wood. Schoeman and Dickinson (1997) also concluded that this species uses nutrients derived from wood, in particularly the products of lignocellulosic photo degradation at weathered wood surfaces. However one should keep in mind that these referred studies were performed before the recognition of A. pullulans and A. melanogenum as separate species. Next to the wood also additional materials such as oil in the case of biofinishes on oil treated wood (van Nieuwenhuijzen et al. 2013 (van Nieuwenhuijzen et al. , 2015 or the attracted organic matter such as pollen (Hudson 1992) might be used for growth of Aureobasidium. Possibly the nutrients on oil treated wood are more favourable for A. melanogum than other Aureobasidium species. More research is needed to understand the impact of substrates on the biofinish population.
Conclusions
The culture based study showed the common presence of A. melanogenum in biofinishes that were naturally formed outdoors on oil treated wood. This fungus was also commonly found on wood samples with nonbiofinish mould staining. On most of the outdoor exposed wood samples that contained stained surfaces, A. melanogenum was isolated, regardless the type of (oil) treatment or wood species. A. melanogenum was detected on samples of all five widespread exposure sites. Other Aureobasidium species were detected on the wood samples as well, including several potentially new species in the case of the non-biofinish samples. The results indicated that the diversity of culturable Aureobasidium species depends on the geographical location of the exposure site. Larger data sets for these and other locations will be required to allow more defined conclusions. ITSspecific PCR, cloning and sequencing of biofinish DNA confirmed the predominance of A. melanogenum within the Aureobasidium population of biofinishes generated in the Netherlands on pine sapwood samples treated with raw linseed oil. To allow a detailed composition analysis of the entire fungal population of biofinishes, the use of data obtained with culturing, PCR cloning and a next generation sequencing approach is suggested for future works.
